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base a r e a  ( see  t a b l e  5) 
a rea  of the  p ro j ec t ion  of the body onto the  'x-z p lane  ( see  
t a b l e  5) 
a r e a  of t he  p ro j ec t ion  of t he  body onto the  x-y plane ( see  
t a b l e  5) 
p re s su re  c o e f f i c i e n t  = (ps - p ) / q  
Y/qAb (same a s  CY) 
t o t a l  s ide-force c o e f f i c i e n t  = Y/q% 
sec t ion  s ide-force c o e f f i c i e n t  from p res su re  measurements 
(W/h x ICPY) 
t o t a l  normal-force c o e f f i c i e n t  = z / ~ A ~  
he igh t  of body i n  Z-direction a t  gene ra l  s t a t i o n  along the  
body x-axis 
he igh t  of body a t  the  base  
he ight  of body i n  z-direct ion a t  s t a t i o n  j = 1, 2, o r  3 
l ength  of body used i n  def in ing  moment c o e f f i c i e n t s  ( s ee  
t a b l e  5) 
Mach number 
free-stream s t a t i c  pressure  
l o c a l  s t a t i c  p re s su re  
free-stream dynamic p re s su re  (same a s  Q) 
Reynolds number = Urnhb/v 
l o c a l  Reynolds number = U,hj/v, j = 1, 2, o r  3 
a r c  l eng th  measured from t a p  01 around a  given c r o s s  s ec t ion  
t o t a l  a r c  length  around a  given sec t ion  
magriitude of the free-stream v e l o c i t y  vec tor  (same a s  V) 
v e l o c i t y  components along the x,  y ,  and z body axes  
maximum width of s ec t ion  a t  s t a t i o n  j = 1, 2, o r  3 
components of the  f o r c e  vec to r  i n  the  x ,  y ,  and z d i r e c t i o n s  
I 
v 
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body axes ( see  f i g .  6 )  
d i s t ance  measured i n  the  negat ive  z -d i rec t ion  from t h e  bottom 
of a  s ec t ion  
angle  of a t t a c k  = tan"<w/u) ( see  f i g .  7) 
B ang le  of s i d e s l i p  = sin" (v/u) ( s ee  f i g .  7) 
0 ang le  between normal t o  sur face  and c e n t e r l i n e  of s e c t i o n  
v kinematic v i s c o s i t y  
3 
t o t a l  angle of a t t a c k  = angle  between U, and t h e  body 
x-axis = cos-' (ulu,) (see f i g .  7) 
$ r o l l  angle  about the body x-axis = tan-'(vlw) ( see  f i g .  7) 
Computer p r i n t o u t  symbols: 
CON con£ igura t i o n  
CRM, CPM, CYM moment c o e f f i c i e n t  about the  x, y ,  and z axes ,  respec- 
t i v e l y  = moment/qAbL 
CX,CY ,CZ f o r c e  c o e f f i c i e n t s  i n  t he  x ,  y ,  and z d i r e c t i o n s  = force/qAb 
ICPY-1,ICPY-2,ICPY-3 sec t ion  f o r c e  c o e f f i c i e n t  i n  the y-d i rec t ion  ( s i d e  fo rce )  
determined from i n t e g r a t i o n  of p re s su re s  = ( f o r c e  i n  
y -d i r ec t ion lun i t  l ength)  . / q \ ~  J j 
ICPZ-1,ICPZ-2,ICPZ-3 sec t ion  fo rce  c o e f f i c i e n t  i n  t he  z -d i rec t ion  determined from 
i n t e g r a t i o n  of pressures  = ( fo rce  i n  z -d i r ec t ion lun i t  
l ength)  IqW. ( t h e  negat ive of t he  usua l  normal-force 










tunnel  s t a t i c  pressure ,  l b / f t 2  
r o l l  angle  = I/J 
tunnel  z o t a l  p ressure ,  l b l f  t2 
tunnel  dynamic pressure,  l b / f t 2  
u n i t  Reynolds number (per  f o o t )  
sequence 
tunne l  s t a t i c  temperature,  OF 
tunnel  t o t a l  temperature,  OF 
tunnel  speed, f t l s e c  
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SUMMARY 
* 
Experiments were conducted i n  t he  12-Foot P re s su re  Wind Tunnel a t  Ames Research 
Center on th r ee  models wi th  nonc i rcu la r  c r o s s  s ec t i ons :  a cone having a square c r o s s  
r' 
s e c t i o n  with rounded co rne r s  and a cone and cy l inde r  wi th  t r i a n g u l a r  c r o s s  s e c t i o n s  
and rounded v e r t i c e s .  The cones were t e s t e d  wi th  bo th  sharp and b l u n t  noses.  Sur- 
f ace  p re s su re s  and f o r c e  and moment measurements were ob ta ined  over an angle  of 
a t t a c k  range from 30" t o  90°,  and s e l e c t e d  o i l - f low experiments were conducted t o  
v i s u a l i z e  su r f ace  flow p a t t e r n s .  Unit  Reynolds numbers ranged from 0 . 8 ~ 1 0 ~  m-I t o  
1 3 . 0 x 1 0 ~  m-I a t  a Mach number of 0.25, except  f o r  a few low-Reynolds-number runs  a t  
a Mach number of 0.17. Pressure  da t a ,  a s  w e l l  a s  f o r c e  d a t a  and o i l - f low photographs, 
r evea l  t h a t  t h e  three-dimensional flow s t r u c t u r e  a t  ang le s  of a t t a c k  up t o  75" i s  
very complex and i s  h ighly  dependent on nose b lun tnes s  and Reynolds number. For 
angles  of a t t a c k  from 75" t o  90" t h e  s e c t i o n a l  aerodynamic c h a r a c t e r i s t i c s  a r e  simi- 
l a r  t o  those of a two-dimensional cy l inde r  wi th  t h e  same c r o s s  s ec t i on .  
1. INTRODUCTION 
Continual  ex tens ion  of the  f l i g h t  envelopes of f i g h t e r  a i r c r a f t  and missiles i n  
e f f o r t s  t o  ach ieve  increased  maneuverabi l i ty  r e s u l t s  i n  a sus t a ined  i n t e r e s t  i n  high- 
angle-of-attack aerodynamics. The aerodynamic c h a r a c t e r i s t i c s  of t h e  forebody a r e  
important determinants  of t h e  f l i g h t  behavior  of such v e h i c l e s .  
Forebodies  w i th  c i r c u l a r  c r o s s  s e c t i o n s  have been s tud i ed  ex tens ive ly ,  e s p e c i a l l y  
with regard  t o  t h e  flow phenomena of asymmetric lee -s ide  v o r t i c e s  and t h e  r e s u l t i n g  
s ide  f o r c e s  and yawing moments. But nonc i r cu l a r  c r o s s  s ec t i ons ,  a l though they a r e  
used f r equen t ly  i n  p r a c t i c e ,  have n o t  been s o  broadly i nves t i ga t ed .  Th i s  is  pa r t i cu -  
l a r l y  t r u e  f o r  a n g l e s  of a t t a c k  above 45". 
The two-dimensional aerodynamic c h a r a c t e r i s t ? ' . ~ ~  of a number of nonc i r cu l a r  
cy1,inders have been inves t i ga t ed  by Polhamus ( r e f .  1 )  and Polhamus e t  a l .  ( r e f .  2)  
a t  subsonic  speeds over a range of Reynolds numbers. Hasel and Kouyoumjian ( r e f .  3) 
" measured s t a t i c  p r e s su re s  and boundary-layer p r o f i l e s  on a s e r i e s  of ogive-cylinder 
models having nonc i r cu l a r  c r o s s  s ec t i ons .  The l a t t e r  t e s t s  were a l l  conducted a t  a 
d 
Mach number of 2.01 and a Reynolds number of 1 . 2 5 ~ 1 0 ~ .  The angle-of-attack range was 
-15" t o  +15", a l l  a t  zero s i d e s l i p .  The models t e s t e d  included both t r i a n g u l a r  and 
square c r o s s  s e c t i o n s  with rounded corners .  
Aerodynamic measurements have been made i n  both s t a t i c  and rotary-balance t e s t s  
( r e f s .  4 and 5) i n  t he  12-Foot P re s su re  Wind Tunnel a t  A m e s  Research Center on a 
- 
*Universi ty  of F lo r ida ,  Gainesv i l le ,  F lo r ida .  
c y l i n d r i c a l  model with a square c r o s s  s ec t ion  having rounded co rne r s  and a b l u n t  
nose. T h i s  conf igura t ion  i s  highly s e n s i t i v e  t o  Reynolds number, as was observed i n  
t he  experiments of Polhamus. I n  p a r t i c u l a r ,  when used as a forebody on a ro t a ry -  
balance model i n  the  Ames 12-Foot Pressure  Wind Tunnel ( r e f .  4) , i t  was shown t o  pro- 
duce s t rong  pro-spin moments a t  low Reynolds numbers and s t rong  a n t i s p i n  moments a t  
high Reynolds numbers a t  a t t i t u d e s  near 90". The expec ta t ion  t h a t  the  moment a t  
angles  of a t t a c k  of 45" and 60" would be similar t o  t h a t  of a = 90" a t  lower 
Reynolds numbers, t h a t  is ,  be  pro-spin, was n o t  f u l f i l l e d ,  however. Fur ther  inves- 
t i g a t i o n  ( r e f .  5) revealed t h a t  t he  n e t  e f f e c t  of angle  of a t t a c k  was t o  a l t e r  dras- 
t i c a l l y  t h e  flow separa t ion  behavior a t  Reynolds numbers wel l  below the  c r i t i c a l  
Reynolds number of 800,000 a t  a = 90' (where the  c r o s s  f o r c e  changed s i g n ) .  A p a r t  
of t h i s  behavior was a t t r i b u t e d  t o  t h e  r o l e  of i n f l e x i o n a l  i n s t a b i l i t i e s  ( r e f .  5) i n  * 
t h e  laminar boundary l a y e r  i n  promoting t r a n s i t i o n  t o  t u rbu len t  flow in t h e  range 
400,000 < Rhb < 800,000. An explanat ion f o r  t h e  s t rong  negat ive  c ross - force  coe f f i -  
w 
c i e n t  (corresponding t o  a n t i s p i n  behavior) a t  Rhb < 400,000 was given based on a 
pos tu l a t ed  r o l e  of the  l e e  v o r t i c e s ,  
The present  s e r i e s  of t e s t s  was designed t o  determine whether t he  i d e a s  advanced 
i n  re ference  5 concerning t h e  r o l e  of boundary-layer i n s t a b i l i t y  and t r a n s i t i o n  i n  
determining the  p a t t e r n s  of flow separa t ion  could be app l i ed  t o  more complex shapes. 
Tes ts  were conducted i n  t h e  12-Foot Pressure  Wind Tunnel on th ree  b a s i c  models. The 
conf igu ra t ions  cons is ted  of a cone with a square c r o s s  s ec t ion  and a cy l inde r  and 
cone wi th  ~ r i a h g u l a r  c r o s s  sec t ions .  The cone models were t e s t e d  with both sharp and 
b lun t  noses.  
The cones were se l ec t ed  because they had small  a x i a l  p re s su re  g rad ien t s  i n  
p o t e n t i a l  flow a t  a l l  t o t a l  angles  of a t t a c k  a ,  and, i n  p a r t i c u l a r ,  so  t h a t  the  
in f luence  of v a r i a t i o n s  i n  l o c a l  Reynolds number could be  r e a d i l y  determined a t  a ' s  
near 90'. 
Blunt  noses were provided f o r  the  cones so  t h a t  t he  e f f e c t  of s t rong  a x i a l  pres- 
sure  g r a d i e n t s  i n  t h i s  region on the  e n t i r e  flow f i e l d  could be inves t iga t ed ,  and t o  
s e e  i f  b lun t ing  t h e  nose had the  same e f f e c t  of reducing o r  delaying asymmetries i n  
t h e  f low a s  had been noted on bodies  with c i r c u l a r  c r o s s  s ec t ions .  
The t r i a n g u l a r  c ros s  s ec t ion  was se l ec t ed  because Polhamus ( r e f .  1 )  had shown 
t h a t  t h i s  s ec t ion  had a negat ive  s i d e  fo rce  f o r  Rhb < 450,000 and a p o s i t i v e  s i d e  
fo rce  f o r  Rhb > 450,000; these  f ind ings  a r e  oppos i te  t o  those obtained from models 
with square  c ross  s ec t ions ,  f o r  which the  s i d e  f o r c e  changed s i g n  from p o s i t i v e  t o  
nega t ive  as Rhb was increased  through 500,000. 
Only a po r t ion  of t he  a v a i l a b l e  data  has  b m n  s e l e c t e d  f o r  d i scuss ion  and p lo t -  
t i n g  i n  t h i s  r e p o r t .  A more comprehensive anal9si.s of t he  r e s u l t s  on the  t r i a n g u l a r  ., 
cone i s  presented  i n  re ference  6 .  Tabulated da t a  a r e  obta inable  from Gerald Malcolm 
a t  Ames Research Center. 
Y 
2. DESCRIPTION OF EXPERIMENTS 
Tes t  F a c i l i t y  
The experiments were conducted i n  t h e  12-Foot Pressure  Wind Tunnel a t  Ames 
Research Center .  Th i s  i s  a var iab le -pressure ,  low-turbulence f a c i l i t y  wi th  a Mach 
number c a p a b i l i t y  up t o  M = 0.98 and a maximum u n i t  Reynolds number c a p a b i l i t y  of 
2 9 . 5 ~ 1 0 ~  m-l a t  M = 0.25. Force and p re s su re  measurements were acqui red  Jver a 
range of free-stream u n i t  Reynolds numbers from 2 . 6 ~ 1 0 ~  rn-' t o  13.1x10' m-' a t  
M = 0.25. T e s t s  a t  a u n i t  Reynolds number of 0 . 8 ~ 1 0 ~  m-l were a l s o  run bu t  a t  
M = 0.17. 
The models were mounted on t h e  Northrop t u r r e t  support  system, a s  shown i n  
Z f i g u r e  1, with a ben t  s t i n g  i n s t a l l e d .  A bent  s t i n g  was used i n  t he  ang le  of a t t a c k  
range O 0  t o  45O and a s t r a i g h t  s t i n g  i n  t h e  range 40' t o  90°. The support  system 
could b e  yawed through a n  angle  of +90° and p i tched  through a p o s i t i v e  range of 45'. 
Desc r ip t i on  of Models 
Three b a s i c  models were co r~s t ruc t ed ,  t h e  p r i n c i p a l  dimensions of which a r e  shown 
i n  f i g u r e  2. The geometric d e t a i l s  of t h e  t r i a n g u l a r  c r o s s  s e c t i o n  a r e  given i n  non- 
dimensional form i n  f i g u r e  3 .  
The nose of t h e  cy l inde r  model is  def ined  by e l l i p t i c  a r c s  f a i r e d  i n t o  genera- 
t o r s  of t h e  c y l i n d e r  a t  p o i n t s  17 .78  cm (7 i n , )  from the  t i p  of t he  nose a s  shown, 
schematical ly ,  i n  f i g u r e  4 (a) . 
Two nose s e c t i o n s  were a v a i l a b l e  f o r  t he  cone models, e i t h e r  sharp o r  b l u n t .  
The s h a r p  nose ( t h e  forward 40.64 c m  (16 in . )  of each cone) could be  removed and 
rep laced  with a 5.08-cm-long b l u n t  nose. Each of these  b l u n t  noses was f a i r e d  i n t o  
the corresponding main body, using e l l i p t i c  a r c s  tangent  t o  the  cone genera tors ,  a s  
shown i n  f i g u r e  4 (b) . 
The main body of each model. was cons t ruc t ed  from a s i n g l e ,  fo rged  aluminum 
b i l l e t  t o  provide a smooth su r f ace  with no mating p a r t  l i n e s  o r  screw heads.  Each 
nose was a l s o  cons t ruc t ed  from a s i n g l e  p i ece  of aluminum. The f i n a l  e x t e r n a l  machin- 
ing  w a s  done on a numerical ly  con t ro l l ed  m i l l  and hand f i n i s h e d  t o  a su r f ace  v a r i a t i o n  
wi th in  1 5  t o  30 pm. 
Each model was provided wi th  46 p re s su re  t aps  a t  each of t h r ee  a x i a l  l o c a t i o n s .  
The a x i a l  l o c a t i o n s  a r e  shown i n  f i g u r e  2, and the  c i r cumfe ren t i a l  l o c a t i o n s  a r e  
shown i n  f i g u r e  5 .  Each t ap  was connected by f l e x i b l e  p l a s t i c  tubing t o  one of t h r e e  
' 48-port Scaniva lves  l o c a t e d  i n  t he  base of the  model. The t ap  o r i f i c e s  were 0.020 i n .  
i n  diameter .  
6 
A 2-in., TASK MARK 1 1 1 - C ,  six-component f o r c e  and moment balance was used f o r  
a l l  t h e  tests. 
Axes and Angular S e t t i n g s  
Body axes have been used throughout; they a r e  def ined i n  f i g u r e  6.  Note t h a t  
the  o r i g i n  i s  l o c a t e d  a t  40.64 cm (16 in . )  from the  base of each model. When-the 
t r i a n g u l a r  cy l inde r  was t e s t e d  i nve r t ed ,  i t  was regarded a s  another  model wi th  t h e  
y-z a x e s  r o t a t e d  180" about  the x-axis  from the  p o s i t i o n  shown i n  f i g u r e  6. 
With the  except ion of a few a-sweeps (8 = 0) and @-sweeps (a f i x e d ) ,  t h e  
model a t t i t u d e  was def ined by the  t o t a l  angle  of a t t a c k  a and t h e  r o l l  angle  $. 
These f o u r  angles  (a, 8,  a ,  $) and t h e  r e l a t i o n s  between them a r e  def ined  i n  f i g u r e  7. 
Note t h a t  a is  the  angle  between the  free-s t ream v e l o c i t y  vec to r  and t h e  body 
x-axis and t h a t  $ i s  the  r o l l  ang le  about t h e  body x-axis, c lockwise r o t a t i o n ,  
looking forward, being p o s i t i v e .  
Run Schedules . 
Model con f igu ra t i ons  were given a numerical des igna t ion ;  t he se  des igna t ions  are 
shown i n  t a b l e  1. Data were taken f o r  runs  4 through 279, and these  a r e  sununarized 4 
by Reynolds number and con f igu ra t i on  number i n  t a b l e  2. A run summary f o r  flow- 
v i s u a l i z a t i o n  tests i s  given i n  t a b l e  3. 
A run  schedule showing the  con£ igura t i o n  number, sequence numbers, tunne l  test 
cond i t i ons ,  and r o l l  angle  (PSI) i s  given i n  t a b l e  4. I n  genera l ,  a  sequence number 
was ass igned  t o  each combination of angular  s e t t i n g s  of t he  model. I n  p a r t i c u l a r ,  
sequence numbers 1, 2, 3, and 4 des igna te  t o t a l  ang le s  of a t t a c k  of 45O, 60°, 75", 
and 9U0, r e spec t ive ly ,  when the  s t r a i g h t  s t i n g  was being used. 
The abb rev i a t i ons  and symbols used on t h e  computer p r i n t o u t s  a r e  l i s t e d  sep- 
a r a t e l y  i n  the nomenclature a t  t h e  beginning of t h e  r e p o r t .  
Pressure-Tap Numbering System 
A t h r ee -d ig i t  number was assigned t o  each p re s su re  tap  on a given model. The 
f i r s t  d i g i t  on t h e  l e f t  of t h e  tap  number des igna ted  t h e  s t a t i o n .  The n e x t  two 
d i g i t s  denoted t h e  c i r cumfe ren t i a l  t ap  number, s t a r t i n g  with 01, bottom c e n t e r l i n e ,  
and numbering consecut ive ly ,  i n  a  clockwise d i r e c t i o n  looking forward, t o  tap  46 
(see f i g .  5  f o r  t h e  two-digit ,  c i r cumfe ren t i a l  t ap  numbers). For example, t he  
number 224 designated t he  top  tap  of each model a t  s t a t i o n  2. 
3 .  DATA REDUCTION 
The f o r c e  and moment c o e f f i c i e n t s  a r e  re fe renced  t o  t h e  base a r e a  Ab and model 
l eng th  L,  r e spec t ive ly  ( s ee  nomenclature). The moment cen t e r  is  l o c a t e d  a t  t h e  
model base .  The s e c t i o n  s ide-force c o e f f i c i e n t  a t  a  g iven  s t a t i o n  was found by 
numerical  i n t e g r a t i o n  of t h e  fol lowing l i n e  i n t e g r a l :  
XCPY = (Cp s i n  i )  d(s/w) 
where 6  i s  t h e  angle  between t'he normal t o  t h e  sur face  and t h e  c e n t e r l i n e  of t he  
s e c t i o n  ( see  f i g .  3 ) .  The normal f o r c e  was found i n  a  s i m i l a r  manner from 
I n  t h e  above i n t e g r a l s ,  Cp and 8 a r e  func t ion?  of s / W i  I n  the  p re s su re  d i s t r i b u -  
t i on  p l o t s ,  which a r e  discussed i n  s ec t ion  6 ,  Cy i s  used. For the  t r i a n g u l a r  c r o s s  
s ec t ion  ey = h/w ICPY- 1.21875 ICPY ( see  f i g .  3). 
To f a c i l i t a t e  a n a l y s i s  of t he  da ta ,  two a d d i t i o n a l  f o r c e  c o e f f i c i e n t s  a r e  used, 
namely, Ey and Ez. These a r e  def ined i n  terms of pro jec ted  s i d e  a r e a s  and p l an  view 
a r e a s  s o  t h a t  i f  t h e  s ec t ion  c o e f f i c i e n t s  were cons tan t  a t  each s t a t i o n  
- cy = e,, = ICPY and Ez = ICPZ. Area r a t i o s  f o r  convert ing from one system t o  t h e  
other  a r e  given i n  t a b l e  5. 
4 .  DATA PLOTS 
A l i m i t e d  number of c r o s s  p l o t s  of normal-force and cross-force c o e f f i c i e n t s  
have been prepared; they a r e  discussed i n  the next  s ec t ion .  
A number of p re s su re -d i s t r i bu t ion  p l o t s  have a l s o  been prepared. I n  most of 
them, t h e  emphasis i s  on t h e  s i d e  f o r c e  produced under va r ious  condi t ions  and, hence, 
C p t s  have been p l o t t e d  ve r sus  z/h so t h a t  the  sources of the  c ~ ~ ~ t r i b u t i o n s  t o  t h e  
s i d e  f o r c e  may be  r e a d i l y  seen. The a rea  between the  p o r t  and s tarbozyd curves  i n  a  
p a r t i c u l a r  p l o t  i s  propor t iona l  t o  the  l o c a l  s ide-force c o e f f i c i e n t  Cy. A few p l o t s  
a r e  included i n  which Cp has  been p l o t t e d  aga ins t  nondimensionalized a r c  l eng th  
s/so. The va lues  of z /h and s/so f o r  each tap  a r e  given i n  t a b l e  6  f o r  t h e  square 
c ros s  s ec t ion  and i n  t a b l e  7 f o r  t h e  t r i a n g u l a r  c r o s s  s ec t ion .  A b r i e f  d i scuss ion  
of t hese  p l o t s  i s  given i n  s ec t ion  6. 
5. DISCUSSION OF FORCE DATA 
The aerodynamic c h a r a c t e r i s t i c s  of bodies  a t  high angles  of a t t a c k  a r e  l a r g e l y  
determined by flow separa t ion  c h a r a c t e r i s t i c s .  The flow can be divided i n t o  two 
bas ic  regimes: one in .which the wake i s  unsteady and, t he re fo re ,  where t h e  impulsive 
flow analogy does no t  apply, even q u a l i t a t i v e l y ;  and a  second i n  which the  wake i s  
reasonably steady and the  impulsive flow analogy seems t o  apply, a t  l e a s t  i n  a qual i -  
t a t i v e  sense. For the p re sen t  t e s t ,  the f i r s t  regime extends from a = 90" t o  j u s t  
below 75'. 
(The impulsive flow analogy ( r e f .  7) s t a t e s  t h a t  t he re  e x i s t s  a c e r t a i n  analogy 
* between t h e  crossf low a t  va r ious  s t a t i o n s  along the  body and the  development wi th  
time of t h e  flow about a  cy l inde r  s t a r t i n g  from r e s t .  Thus, the  f low irk t h e  c r o s s  
plane f o r  the  more forward s e c t i o n s  should conta in  a  symmetric p a i r  of v o r t i c e s  on 
v the  l e e  s ide .  These v o r t i c e s  should increase  i n  s t r e n g t h  with a x i a l  d i s t ance  and, 
eventua l ly ,  i f  t h e  body i s  long enough, should discharge t o  form a vo r t ex  street a s  
viewed i n  t he  moving c r o s s  plane.  Viewed with respec t  t o  t h e  s t a t i o n a r y  body the  
shed v o r t i c e s  would appear t o  be f ixed . )  
A q u a l i t a t i v e  explanat ion of t h e  behavior a t  a = 90' of t he  two c r o s s  s e c t i o n s  
t e s t e d  i s  shown i n  f i g u r e  8 (and discussed i n  r e f .  5). For t he  square c r o s s  s e c t i o n  
below a c r i t i c a l  Reynolds number, t he  flow remains a t tached  t o  t he  windward corner  
and sepa ra t e s  from the  l e e  corner ,  and a t  Reyno1.d~ numbers above c r i t i c a l ,  the  flow 
remains a t tached  t o  the lee co rne t  s u f f i c i e n t l y  long t o  change t h e  s ide-force c o e f f i -  
c i e n t  from p o s i t i v e  t o  negat ive.  The d e f i n i t i o n  of c r i t i c a l  Reynolds number i s  given ) 
h e r e  a s  t h e  po in t  a t  which the  s i d e  f o r c e  changes s ign;  i t  i s  r e s t r i c t e d  t o  t h e  angle  
of a t t a c k  range 75"-90'. 
For the t r i a n g u l a r  c r o s s  s ec t ion ,  t h e  f low sepa ra t e s  from both corners  below the  
c r i t i c a l  Reynolds number b u t  remains a t t ached  t o  t h e  windward corner  a t  s u p e r c r i t i c a l  
Reynolds numbers t o  provide a  p o s i t i v e  s ide-force c o e f f i c i e n t .  
Square Cross Sec t ion  ,. 
A c y l i n d r i c a l  body wi th  a  round nose and a  square c r o s s  s ec t ion  with corner  
1 
r a d i i  25% of the width of t he  sec t ion  was t e s t e d  e a r l i e r  ( r e f .  4) i n  the  12-Foot 
Pressure  Tunnel. The v a r i a t i o n  of s ide-force coefEic ien t  a t  I# = LO0 with Reynolds 
number and a i s  summarized i n  f i g u r e  9  ( t r i a n g u l a r  symbols). Sublimation tests a t  
Rhb = 400,000 and a = 45" ind ica t ed  the  presence of small  s t a t i o n a r y  v o r t i c e s  
which were a t t r i b u t e d  t o  i n f l e x i o n a l  i n s t a b i l i t i e s  i n  t he  boundary l a y e r .  
The s ide-force c o e f f i c i e n t s  f o r  t he  square cone a t  $J = 10" a r e  a l s o  summarized 
i n  f i g u r e  9.  I t  should be pognted out t h a t  the  angle  between the  bottom f a c e  of t h e  
cone and the  r e l a t i v e  wind a t  o = 75" and $ = 0" i s  82.125" and a t  a = 90" i t  
i s  97.125", a  r e s u l t  of t he  half-cone angle of 7.125" (measured i n  the plane of sym- 
metry) .  Thus, one would expect the  r e s u l t s  a t  a = 75" and 90" t o  be approximately 
t h e  same. The c r i t i c a l  Reynolds number based on the  square-cylinder da t a  i s  about 
700,000. Thus, a l l  c r o s s  s ec t ions  of the  cones should be below c r i t i c a l  f o r  
Rh,, < 700,000 s ince  a l l  forward sec t ions  have smaller  l o c a l  Reynolds numbers and a l l  
c r o s s  s e c t i o n s  of t h e  cone a f t  of t h e  nose sec t ion  (32 in .  from the  base where 
h  = 4 i n . )  should be s u p e r c r i t i c a l  f o r  Rhb > 700,000 x 3 .  I f  t he  Reynolds number 
f o r  the cone were based on a  he ight  about two t h i r d s  of t he  base he igh t ,  t he  c r i t i c a l  
p o i n t s  f o r  a = 75" and 90" would agree  f a i r l y  c l o s e l y  f o r  t he  cones and f o r  t he  
cy l inde r ,  s i n c e  the cy l inder  he ight  i s  two t h i r d s  of the  he igh t  of t he  base of t h e  
cone. The less abrupt  change i n  s ide-force d i r e c t i o n  shown f o r  the  sharp cone i s  t o  
b e  expected, because the  forward sec t ions  become c r i t i c a l  a t  h igher  u n i t  Reynolds 
numbers than  the sec t ions  nearer  t he  base. 
The behavior of t he  b l u n t  cone a t  a = 45" and 60" fo l lows  reasonably well  t he  
t r ends  of t he  cy l inde r  da t a ,  bu t  t h e  l a r g e  e f f e c t  of the  sharp nose i n  c r e a t i n g  an 
asymmetric vortex flow f i e l d  with consequent s ide-force v a r i a t i o n s  i s  c l e a r l y  evi-  
den t ,  p a r t i c u l a r l y  a t  a = 45". 
Severa l  h y s t e r e s i s  runs  were made f o r  t he  sharp and b l u n t  cones hold ing  
f i x e d  a t  ze ro  and varying a from 0" t o  90". The r e s u l t s  a r e  shown i n  f i g u r e  10  
f o r  the  sharp  cone and i n  f i g u r e  11 f o r  the  b lun t  cone. Su rp r i s ing ly ,  very  l i t t l e  
h y s t e r e s i s  e f f e c t  was found i n  e i t h e r  case except a t  one p o i n t .  Asymmetric f o r c e s  
occurred a t  angles  of a t t a c k  between 30" and 60" f o r  the sharp cone and between 60" 
and  75" f o r  the b l u n t  cone. An example of a  h y s t e r e s i s  t e s t  i n  !.3 i s  shown i n  
f i g u r e  12  where the  s ide-  and normal-force c o e f f i c i e n t s  a r e  p l o t t e d  ve r sus  B a t  
a = 30". A s  can be seen, the  s ide  fo rce  i s  highly nonl inear  i n  the  be t a  range -6" 
t o  $6" f o r  t h i s  conf igura t ion .  
Triangular  Cross Sect ion 
The t r i a n g u l a r  c r o s s  s ec t i on  i s  considerably more s e n s i t i v e  than t h e  square 
c ros s  s e c t i o n  t o  changing f low condi t ions .  The v a r i a t i o n  wi th  Rllb a? t h e  c ross -  
f o r c e  c o e f f i c i e n t  f o r  a = 45", 75", and 90" a t  $ = 10"  i s  shown i n  f i g u r e  13,  
Two-dimensional da t a  obtained by Polhamus e t  a l .  ( r e f .  2) i n  a d i f f e r e n t  tunne l  i s  
shown i n  t he  a = 90" p l o t  f o r  comparison, The c r i t i c a l  Reynolds number f o r  t h e  
cy l inde r  a t  u = 90" Ps about  0 .7~18 ' ;  i t  was 0 . 4 ~ 1 0 ~  i n  t he  da t a  of Polhamus e t  a l .  
The c r i t i c a l  Reynolds number f o r  t he  cone i s  about  0 . 8 5 ~ 1 0 ~ .  
The comment made e a r l i e r  concerning the  cone-angle e f f e c t  f o r  the square cone 
a p p l i e s  h e r e  a s  w e l l ,  t h e  angle  of a t t a c k  of t h e  bottom f a c e  being 83.58" f o r  
o = 75" and 98.58" a t  a = 90". However, t h e  r e s u l t s  show a d i f f e r e n c e  between - 
P c = 75' and 90" i n  cy a t  Reynolds numbers above 10'. The l a r g e  d i f f e r e n c e  i n  Cy 
between t h e  cone and cy l inde r  a t  a = 45" i s  p r imar i l y  a r e s u l t  of t h e  sharp  nose 
on the cone. 
F igu re  14 shows Ey and eZ ve r sus  a ,  f3 = 0 ,  f o r  t h r e e  d i f f e r e n t  Reynolds num- 
b e r s  f o r  t h e  b l u n t  t r i a n g u l a r  cone. The maximum abso lu t e  va lue  of E ,  occurs  near  
a = Y O 0 ,  and the  maximum side-force asymmetry occurs  near  a = 60".  
6 .  PRESSURE-DISTXIBUTION PLOTS 
A b r i e f  d i s cus s ion  of t he  p re s su re -d i s t r i bu t ion  p l o t s  of t h e  form Cp ve r sus  
g/h i s  given i n  t h i s  s e c t i o n .  These p l o t s  f & l l  i n t o  two ca t ego r i e s :  (1) a-sweeps 
wi th  f3 = I) = 0 a t  a given Reynolds number, and (2) I) f i x e d  a t  10" f o r  a = 45", 
50° ,  75", and 90" and a t  varying Reynolds numbers. I n  each ca se ,  the  p re s su re  d i s -  
t r i b u t i o n s  a t  t h e  t h r ee  s t a t i o n s  a r e  arranged i n  order  a c r o s s  t h e  page with s t a t i o n  1 
being n e a r e s t  t he  nose.  The cross-hatched l i n e s  a t  t h e  bottom of t h e  f i g u r e s  o u t l i n e  
t h e  c ros s - sec t iona l  shape nf  the  model. 
Models wi th  Square Cross Sec t ions :  i3 = I$ = 0 
F igu re  15  shows an a-sweep f o r  Rhb = 0 . 8 ~ 1 0 ~  f o r  t he  sharp  square cone. The 
l o c a l  Reynolds number a t  s t a t i o n  2 i s  c lo se  t o  t h e  c r i t i c a l  va lue ,  and small  changes 
i n  a have an app rec i ab l e  e f f e c t ,  a s  shown by comparing t h e  r e s u l t s  a t  s t a t i o n  3 f o r  
ct = 80°, 85",  and 90". For a between 65" and 75', a l l  t h r ee  s t a t i o n s  have about 
t h e  same p re s su re  d i s t r i b u t i o n s .  For a between 40" and 60°,  t h e  asymmetries i n  t h e  
f low a r e  q u i t e  apparen t ,  wi th  t he  asymmetry switching s i d e s  between a = 40" and 
a = 50". 
P 
The e f f e c t  of ' doubling the  Reynolds number t o  1 .6xlo6 f o r  t h e  sharp square  cone 
may be s een  by comparing f i g u r e  1 5  with figure 16.  For Rhb = 1.6x106, s t a t i o n  1 
d 
. i s  near c r i t i c a l ,  which i s  evidenced by the  e r r a t i c  behavior  a t  a = 85" and a = 90". 
The l a r g e s t  asymmetry occurs  a t  s t a t i o n  2 f o r  both Reynolds numbers: ey = 0.563 
a t  a = 40° ,  Rhb = 0 . 8 ~ 1 0 ~  and E y =  -0.561 a t  a =  50°, Rhb = 1 . 6 ~ 1 0 ~ .  
The e f f e c t s  of b lun t ing  the  nose a r e  shown 3.n f i g u r e  1 7  f o r  Rhb = 0 .8~10 '  and 
i n  f i g u t e  18 f o r  Rhb = 1.6x106, where i t  can be seen t h a t  t h e  major asymmetries a r e  
Models with Square Cross  Sect ions:  = 10' 
P re s su re  d i s t r i b u t i o n s  f o r  t he  sharp square cone a t  s e v e r a l  Reynolds numbers a r e  
shown i n  f i g u r e  19  ( a  = 45") ,  f i g u r e  20 (a = 60°) ,  and f i g u r e  21 (a = 90") ; pres su re  
d i s t r i b u t i o n s  f o r  t h e  b l u n t  cone a r e  shown i n  f i g u r e  22 (o = 45") and f i g u r e  23 
(G = 60") .  The r e s u l t s  f o r  a = 90" a r e  s i m i l a r  t o  those of the  sharp cone and a r e  
n o t  shown. The behavior a t  o = 90" fol lowa r a t h e r  c l o s e l y  what one would expec t  ,k 
based on t h e  l o c a l  c r i t i c a l  Reynolds number. For example, a t  Rhb = 1.6x106, a l l  
s t a t i o r . ~  show s u p e r c r i t i c a l  behavior .  
P 
The e f f e c t  of b lun t ing  the  nose a t  a = 60" can be  seen  by comparing f i g u s e s  20 
and 23. The major d i f f e r ence  occurs  a t  Rhb = 1 . 2 ~ 1 0 "  where t h e  Lee s i d e  shows an 
e a r l i e r  s epa ra t i on  f o r  t he  sharp cone. Refer r ing  t o  f i g u r e  9 ,  i t  can be seen t h a t  
t h e  magnitude of t h e  s ide-force c o e f f i c i e n t  cont inues  t o  i nc rease  more r a p i d l y  wi th  
Reynolds numbers f o r  t he  sharp  cone than f o r  t he  b l u n t  cone. F igures  20 and 23 show 
t h a t  t h i s  i s  so because t he  lee s i d e  of t h e  sharp cone develops h igher  nega t ive  peak 
p re s su re s  a t  s t a t i o n s  1 and 2 than the  b l u n t  cone. 
The e f f e c t  of b lun t ing  t h e  cone a t  o = 45' can be seen by r e f e r r i n g  t o  f i g -  
u r e s  19 and 22. The a-sweep curves f o r  t he  sharp cone shown i n  f i g u r e  10,  where 
;b = 0, show t h a t  one would expect t he  l a r g d s t  e f f e c t s  of t h e  sharp nose t o  occur i n  
t h e  range of 30" < a < 50'. Figure 9 ,  where a = 45" and I) = l o 0 ,  shows t h a t  t h i s  
i s  indeed t h e  case.  General ly ,  i t  h a s  been found t h a t  t h e  major v a r i a t i o n s  i n  s ide-  
f o r c e  c o e f f i c i e n t s  are due t o  the  behavior  around t h e  two bottom co rne r s  ( fac ing  i n t o  
t h e  wind).  Here, t h e  major e f f e c t s  occur along t h e  s i d e s  and near  t he  top corner .  
The saw-tooth shape of t he  sharp cone da ta  shown i n  f i g u r e  9 i s  due t o  c ros s ings  of 
t h e  l e e  and windward p re s su re  d i s t r i b u t i o n  curves: t h e r e  i s  a low nega t ive  va lue  
when they c r o s s  and a high nega t ive  va lue  when they do n o t ,  a s  shown i n  f i g u r e  19 .  
For  the  b l u n t  cone these  c r o s s  a t  l e a s t  once a t  each Reynolds number a s  shown i n  1 1 
f i g u r e  22. I 
Models wi th  Tr iangular  Cross Sect ion:  f3 = I) = 0 i 
I. Sweeps i n  angle  of a t t a c k  were performed only f o r  t h e  b l u n t  t r i a n g u l a r  cone and 
a t  th ree  Reynolds numbers. The r e s u l t s  f o r  Rhb = 0 . 7 6 ~ 1 0 ~  a r e  shown i n  f i g u r e  24. ? I 
The c r i t i c a l  Reynolds number f o r  t h e  t r i a n g u l a r  cy l inde r  a t  a = 90' i s  about 
0 . 7 ~ 1 0 ~ .  Thus, f o r  Rhb = 0 . 7 6 ~ 1 0 ~  a l l  s e c t i o n s  should be below c r i t i c a l  except ,  
pos s ib ly ,  t h e  base; t h i s  i s  v e r i f i e d  by the  p re s su re  d i s t r i b u t i o n s  a t  a l l  t h r ee  s t a -  .. i 
t i o n s  f o r  a L 75". For 40" < a < 65", a f l a t  peak, t y p i c a l  of b l u n t  noses  a t  t h e  / /  
lower Reynolds numbers, i s  ev ident .  r \ I  
F igure  25 shows t h e  r e s u l t s  f o r  Rhb = 1.1~10~. The r e s u l t s  a r e  somewhat s i m i -  
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l a r  t o  those  a t  Rhb = 0 . 7 6 ~ 1 0 ~  f o r  s t a t i o n  1 f o r  45' c a < 60°, bu t  a r e  d i f f e r e n t  
u a 
'3 
a t  s t a t i o n  2. F igure  26 shows the  r e s u l t s  f o r  Rhb = 1 . 6 ~ 1 0 ~  . Here it i s  supposed I? 
t h a t  i n f l e x i o n a l  i n s t a b i l i t i e s  produce a t u rbu len t  boundary l a y e r  f o r  45" < a < 65" 
a t  t h e  forward s t a t i o n .  For 75" < a < 90°, s t a t i o n  1 i s  i n  t h e  s u b c r i t i c a l  range,  
s t a t i o n  2 i s  i n  t he  t r a n s i t i o n a l  range, and s t a t i o n  3 i s  above t h e  c r i t i c a l  range. 
F igu re s  27 and 28 show t h e  l a r g e  asymmetries t h a t  can be produced by t h e  sharp nose 
f o r  a = 45" and 60°,  r e spec t ive ly ,  a t  $ = 0 .  
Models with Tr iangular  Cross Sect ions:  + = 10" 
For t e s t s  with t h e  model r o l l e d  about  t h e  x-axj.s, u was l i m i t e d  t o  45", 60°,  
and 90'. Prezsure d i s t r i b u t i o n  p l o t s  ( f o r  t h e  t r i a n g u l a r  cy l inde r )  a t  s e v e r a l  
Reynolds numbers with I) = l o 0 ,  a r e  shown i n  f i g u r e  29 (a  = 40° ) ,  f i g u r e  30 (a  = 60°) ,  
and f i g u r e  31 (a = 90").  S imi la r  p l o t s  f o r  t he  sharp t r i a n g u l a r  cone a r e  show i n  
f i g u r e s  32-34. The b l u n t  t r i a n g u l a r  cone was t e s t e d  only a t  I) = 0". 
The da ta  f o r  t he  t r i a n g u l a r  cy l inde r  a t  a = 45' and 60" i n  f i g u r e s  29 and 30 
F 
a t  t h e  lower Reynolds numbers show the  f l a t  peak a t  t h e  forward s t a t i o n s  t h a t  seems 
t o  be  t y p i c a l  of blunt-nosed bodies  a t  ang le s  of a t t a c k  i n  t h i s  range (see., e.g. ,  t h e  
p re s su re  d i s t r i b u t i o n s  on the b lun t  cones i n  f i g s .  17 and 24).  
Another noteworthy f e a t u r e  of t h e  cy l inde r  da t a  i s  t h a t  a t  t h e  two forward s t a -  
t i o n s  f o r  o = 45" and 60°,  shown i n  f i g u r e s  29 and 30, t he  peak nega t ive  p re s su re  
occurs  on t h e  lee corner  f o r  a l l  Reynolds numbers t e s t e d ,  whereas, a t  a = 90" 
( f i g .  31),  t he  peak nega t ive  pressure  occurs  on the  windward corner  a t  a l l  Reynolds 
numbers t e s t e d .  
Refer r ing  t o  f i g u r e  13, u = S ? " ,  i t  can be  seen t h a t  t he  c r i t i c a l  R f o r  tri- l ~ b  
angular  c r o s s  s e c t i o n s  i s  about 0 . 8 ~ 1 3 ~ .  The p re s su re  d i s t r i b u t i o n s  i n  f i g u r e  31  a t  
Rhb = 0 . 8 ~ 1 0 ~  r e f l e c t  t h i s  proximity t o  t h e  c r i t i c a l  Reynolds number, with s t a t i o n  2 
e x h i b i t i n g  s u b c r i t i c a l  and s t a t i o n s  1 and 3 s u p e r c r i t i c a l  behavior.  For Rhb > 0 . 8 ~ 1 0 ~  
the  forward two s t a t i o n s  e x h i b i t  s u p e r c r i t i c a l  behavior .  
The main f e a t u r e  of the sharp triangular cone d a t a  a t  a = 45" and I) = 10" 
shown i n  f i g u r e  32 i s  the  s i m i l a r i t y  i n  p re s su re  d i s t r i b u t i o n s  t o  t h e  I) = 0' case  
i n  f i g u r e  21. I n  o the r  words, the  asymmetry t h a t  developed a t  + = 0" had about t h e  
same e f f e c t  a s  r o l l i n g  t h e  body 10" about t he  x-axis.  By coincidence,  t h e  asymmetry 
happened t o  be i n  t h e  same d i r e c t i o n .  
For t he  sharp cone a t  a = 90" ( f i g .  34) ,  the  p re s su re  d i s t r i b u t i o n s  depend on 
t h e  l o c a l  Reynolds number, Rh j. For example, a t  Rhb = 2. 0x106, Rhi = 0 .83x106, 
Rh* 
= 1 . 2 5 ~ 1 0 ~ ~  and Rh = 1 . 8 3 ~ 1 0 ~ ~  wi th  Rh near  t h e  c r i t i c a l  va loe  of 800,000. 
3 j 
I t  i s  thought t h a t  the  peak a t  s t a t i o n  2 i s  l a r g e r  than t h a t  a t  s t a t i o n  3 because of 
t he  gap between the  f a i r i n g  and the  moclel. Model support  dynamics prevented runs  a t  
h ighe r  Reyno1.d~ numbers f o r  t h i s  conf igura t ion  and angle  of a t t a c k .  
I 7. INVERTED TRIANGULAR CYLINDER 
A b r i e f  i n v e s t i g a t i o n  was c a r r i e d  ou t  on t h e  t r i a n g u l a r  cy l inde r  i n  t he  i nve r t ed  
pos i t io i l ,  t h a t  i s ,  wi th  t h e  apex toward t h e  flow. Side-f orce c o e f f i c i e n t s  f o r  
$ = 10" a r e  p l o t t e d  a g a i n s t  Reynolds number i n  f i g u r e  35  f o r  a = 45", 60°,  75", 
and 90'. The two-dimensional da ta  taken from re fe r ence  2 a r e  shown by t h e  broken 
l i n e  ( a  = 90"). The shapes of t h e  curve a t  d i f f e r e n t  a ' s  a r e  somewhat s i m i l a r ,  wi th  
- 
t h e  change i n  s i g n  of Cy occurr ing a t  h igher  Reynolds numbers wi th  i nc reas ing  u .  
The corresponding p re s su re  d i s t r i b u t i o n s  a r e  shown i n  f i g u r e  36 (a = 4 5 " ) ,  f i g u r e  37 
(a  = 60°),  and f i g u r e  38 (u = 90"). 
I n  t h e  i n v e r t e d  p o s i t i o n ,  the peak nega t ive  pressures ,  a s  ca l cu l a t ed  us ing  two- 
dimensional p o t e n t i a l  theory,  occur on t h e  windward corner ,  which i s  oppos i t e  t o  
f i n d i n g s  f o r  t h e  up r igh t  case .  
A t  o = 90' ( see  f i g .  38) ,  a t  the  lowest  Reynolds number t e s t e d ,  t he  f low sep- 
a r a t e s  very  e a r l y  on the  windward downstream corner .  However, t h e  lee s i d e  h a s  a 
l e s s  severe  adverse p re s su re  g rad i en t ,  and a peak nega t ive  p re s su re  develops t h a t  
does n o t  change much w i t h i n  t h e  Reynolds number range t e s t e d .  A s  Rhb reaches  Z 
1.33x106, the  windward corner  develops a l a r g e  nega t ive  peak t h a t  t ends  t o  dominate. 
u. 
A t  a = 4 5 " ,  t he  e f f e c t  of t he  b l u n t  nose a t  low Reynolds numbers i s  ev iden t  a t  
the  two forward s t a t i o n s ,  a t  Rhb = 0 . 4 ~ 1 0 ~ .  For  Rhb 2 0 . 6 7 ~ 1 0 ~ ~  the  f low around 
the  windward cc rne r  develops a dominant nega t ive  peak a t  a l l  t h r e e  s t a t i o n s .  
The flow about t h e  lee corner  appears  t o  s epa ra t e  e a r l y  a t  s t a t i o n  3 f o r  t h e  
e n t i r e  range of Reynolds numbers t e s t e d .  
8 .  FLOW VISUALIZATION 
Sublimation tests t o  determine the s t a t e  of the boundary l a y e r  and oi l - f low 
tests t o  record  s k i n - f r i c t i o ~  l i n e s  were conducted. A run schedule f o r  t he se  tests 
- 
i s  shown i n  t a b l e  3 ,  and t h e  e f f e c t  on Cy and of t h e  change i n  su r f ace  condi- 
t i o n s  is  given i n  t a b l e  8 .  
Su'blimation T e s t s  
The p r i n c i p a l  o b j e c t i v e  of the  sublivnation tests was t o  determine t h e  cond i t i ons  
f o r  t h e  appearance of i n f l e x i o n a l  i n s t a b i l i t i e s  i n  t he  laminar boundary l a y e r .  I n  
previous tests ( r e f .  4 ) ,  a so lu t ion  of biphenyl  c r y s t a l s  (C6H5C6H5) d i sso lved  i n  
petroleum e t h e r  was sprayed on t h s  model; i t  l e f t  a white  s u r f z ~ e  t h a t  was then 
smoothed t o  2 g lossy  f i n i s h  wi th  ord inary  w r i t i n g  paper.  
Because of s a f e t y  concerns of using petroleum e t h e r  i n  the  12- f t  tunnel ,  tri- 
ch loroe thane  (CH3CC13) was used a s  a so lvent  i n  t he  p re sen t  tests. Whether t h i s  
change i n  so lvent  was r e spons ib l e  o r  no t ,  t h e  te l l ta le  s t r i a t i o n s  t h a t  a r e  evidence 
of t he  presence of small  v o r t i c e s  i n  t he  boundary l a y e r  were n o t  observed. Another 
p o s s i b i l i t y  f o r  t h e i r  absence i s  t h a t  t h e  model support  system was too  f l e x i b l e  and L 
t h e  pe r iod i c  movement of t h e  model smeared t h e  su r f ace  p a t t e r n s .  
t 
Oil-Flow Tes t s  
Both o i l  smears and o i l  do t s  were run. I n  t h e  former, a mixture of motor o i l  
and b lack  oxide was smeared over t he  model by hand. The tunnel  was brought up t o  run 
cond i t i on  and he ld  u n t i l  t h e  p a t t e r n  had s t a b i l i z e d .  The tunne l  was then shut  down 
and photographs taken of t h e  model. Brown wrapping paper was then pressed  around t h e  
model and an  impr in t  was l e f t  on t h e  paper;  t hus  an "unwrapped" view of t h e  p a t t e r n  
was ob ta ined .  
The flow p a t t e r n  obtained on t h e  b l u n t  t r i a n g u l a r  cone a t  u = 45" and a  
Reynolds number of 1 . 1 ~ 1 0 ~  i s shown i n  f i g u r e  39. Oil-flow p a t t e r n s  on t h e  sharp 
t r i a n g u l a r  cone a t  t h e  same ReynoEds number a r e  shown i n  f i g u r e  40 f o r  u = 45" and 
i n  f i g u r e  4 1  f o r  u = 60". 
I n  t h e  o i l -do t  experiments,  small  do t s  of t h e  mix ture  used i n  the smear tests 
were p l aced  on t h e  model wi th  a  draf tsman's  r u l i n g  pen; t h e  do t s  were p laced  i n  rows 
(about 3  cm a p a r t )  p a r a l l e l  t o  t he  base ,  with a  spacing about 1 cm a p a r t  around the  
+ body. General ly ,  t h e  do t  technique a f f e c t e d  t h e  flow more than e i t h e r  t h e  sublima- 
t i o n  o r  t h e  oil-smear technique. For example ( s ee  t a b l e  8 ) ,  the  d o t s  on t h e  sharp 
t r i a n g u l a r  cone (conf igura t ion  51),  a t  o = 60°, IJJ = l o 0 ,  and Rhb = 1 . 6 ~ 1 0 ~ ~  change 
L 
the  side-f orce c o e f f i c i e n t  5 from -0.0989 f o r  t he  c l e a n  condi t ion  t o  0.5378 i n  
one run and t o  0.5487 i n  another .  Because of t h e  discrepancy i n  d a t a  between t h e  
clean and t h e  o i l  do t  con£ i g u r a t i o n s ,  the  o i l  do t  flow p a t t e r n s  a r e  riot shown. 
9. CONCLUSIONS 
Wind-tunnel tests were c a r r i e d  ou t  on a cone and a  cy l inde r  w i th  t r i a n g u l a r  
c r o s s  s e c t i o n s  and a  cone wi th  a  square c r o s s  s ec t i on .  Both cones were fu rn i shed  
wi th  sharp  and b l u n t  noses.  Test v a r i a b l e s  ranged over a  wide range of Reynolds 
numbers and ang le s  of a t t a c k  t o  90". 
R e s u l t s  show t h a t  t he  f lows on such bodies  a r e  very  complex and a r e  h igh ly  
dependent on Reynolds number and on angle  of a t t a c k .  I n  genera l ,  i t  w a s  found t h a t  
t he  p r e s s u r e  d i s t r i b u t i o n s  and f o r c e s  f o r  t he  angle  of a t t a c k  range from 75" t o  90" 
a r e  f a i r l y  p red i c t ab l e  from r e s u l t s  on two-dimensional c y l i n d e r s  of t h e  same c r o s s  
s ec t i on  when us ing  the  l o c a l  Reynolds number (based on l o c a l  s e c t i o n  he igh t )  t o  
c o r r e l a t e  t he  da ta .  A t  ang l e s  of a t t a c k  below about 75", nose e f f e c t s  dominate and 
t h e  body cannot be  considered a s  a  cy l inde r  i n  two-dimensional crossf low.  
The sharp-nosed cones showed l a r g e  asymmetries and very complex su r f ace  f low 
p a t t e r n s  a t  u = 45" and 60" , $J = 0". The asymmetries were removed, o r  g r e a t l y  
reduced by b lunt ing  the nose. 
Force  data  taken during oi l - f low runs  showed l a r g e  d i f f e r e n c e s  i n  t he  s ide-force 
c o e f f i c i e n t s  between t h e  c l ean  and t h e  d i r t y  con f igu ra t i ons  under c e r t a i n  condi t ions .  
The s e n s i t i v i t y  t o  sur2ace roughness of these  bodies  wi th  the  nonc i r cu l a r  c r o s s  sec- 
t i o n s  i s  n o t  s u r p r i s i n g ,  and a  ca rezu l  experimental  s tudy of t h e  e f f e c t s  of roughness 
on the  aerodynamic c h a r a c t e r i s t i c s  a t  high a n g l e s  of a t t a c k  would be  very  d e s i r a b l e .  
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TABLE 1.- MODELISTING COMBINATIONS 
 h he t r i a n g u l a r  cone model.s were a l l  t e s t e d  i n  t h e  up r igh t  p o s i t i o n  wi th  the  f l a t  
bottom fac ing  i n t o  t h e  wind. 
b ~ e n t  s t i n g  0" 5 u 5 45"; s t r a i g h t  s t i n g  40" < u 5 90". 
S t i n g  b 
S t r a i g h t  
Bent 
Bent 
S t r a i g h t  
Bent 
S t r a i g h t  
S t r a i g h t  
Bent 














6 0  
6 1 
Model 
Cone, square c r o s s  s ec t i on ,  sharp nose 
Cone, square c r o s s  s ec t i on ,  sharp nose 
Cone, square c r o s s  s e c t i o n ,  sharp nose 
Cone, square c r o s s  s ec t i on ,  b l u n t  nose 
C o i i ~ ,  square c r o s s  s e c t i o n ,  b l u n t  nose 
Cylinder ,  t r i a n g u l a r  c r o s s  s e c t i o n ,  
up r igh t  
Cyl inder ,  t r i a n g u l a r  c r o s s  s e c t i o n ,  
inver ted  
Cylinder ,  t r i a n g u l a r  c r o s s  s e c t i o n ,  
i nve r t ed  
Cone, t r i a n g u l a r  c r o s s  s ec t i on ,  
sharp nose 
Cone, t r i a n g u l a r  c r o s s  s ec t i on ,  
sharp nose 
Cone, t r i a n g u l a r  c r o s s  s e c t i o n ,  
b l u n t  nose 
Cone, t r i a n g u l a r  c r o s s  s e c t i o n ,  
b l u n t  nose 
Type of d a t a  
Force and p re s su re  
Force and p re s su re  
Force and f low 
v i s u a l i z a t i o n  
Force and p re s su re  
V 
Force and f low 
w i s u a l i z a t  ion 
Force and p re s su re  
Force and flow 
v i s u a l i z a t i o n  
Conf igura t ion  key: Hundred's d i g i t :  0 (high AoA r a n g e ) ,  1 (low AoA range);  t e n ' s  d i g i t :  1 (square cone, sharp  nose) ,  2 (square cone, 
b l u n t  nose) ,  3 ( t r i a n g u l a r  c y l i n d e r ,  u p r i g h t ) ,  4 ( t r i a n g u l a r  c y l i n d e r ,  i n v e r t e d ) ,  5 ( t r i a n g u l a r  cone, sharp  nose) ,  
6 ( t r i a n g u l a r  cone, b l u n t  nose); one ' s  d i g i t :  0 ( f o r c e  and p r e s s u r e  d a t a ) ,  1 (flow v i s u a l i z a t i o n ) .  
TABLE 3.- RUN SUMMARY: FLOW VISUALIZATION 
"uni t  Reynolds number, m i l l i on .  































O i l  smear 
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TABLE 4.- RUN SCHEDULE OF POOR QUALW 
Free - s t r eam 
s t a t i c  
p r e s s u r e ,  






















515 .1  
528.2 














1013 .1  
1 0 2 1 . 1  
1531.8 






R o l l  
a n g l e ,  
deg  
0 . 0 0  
4 .90  
9 . 9 1  
9 . 9 1  
1 4 . 8 1  
19 .77  
.04 
4 .85  
9 .68  
9.79 
14 .66  
1 9 . 8 2  
1 4 . 7 0  
19 .68  




14 .52  
1 9 . 6 7  
- . 0 1  
.02 
4 . 9 5  
9.99 
9.98 
14 .89  
1 9 . 8 5  
.03 
4 .95  
10 .00  
9.98 
14 .86  
19 .80  
. 00 
4.96 
10 .00  
9 .99  
14 .90  
19 .84  
.02  
4 .90  
10 .18  
14 .83  
















































1 2  
1 3  
14 
1 5  
16  
1 7  






















































u r a  t i o n  
code  
30 
F r e e - s t r e a m  
dynamic 
p r e s s u r e ,  
1 b / f t 2  
87 .7  
86 .7  
87 .7  
87.4 
88.4 










198 .2  
1 9 7 . 2  
1 9 7 . 1  
196.8  
195.6  
174  .O 
7.8 
8 , O  
8 . 2  
8 .4  
8 . 3  




22 .1  
22.2 
22.6 
4 3 . 2  
43.4 
4 4 . 1  
44 .0  
44.4 
44.8 




6 7 . 1  
109 .8  
























. I 4 7  
. I 4 7  
. I 4 8  
. I 4 9  
. I 4 7  
, 1 4 8 .  
, 2 5 1  
.252 
, 2 5 1  
.251 
, 2 5 1  














T u n n e l  
u n i t  





1 . 5 8 5  
1 . 6 0 0  
1 .599  







3 .991  




















.8 1 6  
. 8 2 1  
.820 
.824 
. a 2 5  
1 . 2 1 5  
1 .240  
1 .246  
1 .264 
1 .214  
1 . 9 9 8  
2.010 
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ORIGlNAk PkGE 1s 
TABLE 4 .- Continued. OF POOR QuALm 
Tunnel 










































































pressure ,  





































































































s t a t i c  
p r e s su re ,  


































































































R o l l  













































9 .41  
9.91 
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s t a t i c  

















































p re s su re ,  
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ORlr;tr$AS IJ&&: I*, 
TABLE 4.- Continued. OF POOR QUALTW 
Free-stream 
sta tie 
pressure ,  
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Run I Config- Tunnel 





( t o )  
Free-stream 
dynamic 























































































s t a t i c  
p r e s su re s  
l b / f  t2 
Ro l l  
angle ,  
deg 
- 
C, = CZ + 5.62, t r i a n g u l a r  cy l inde r  
ORlGiNAL PAGE FS 
TABLE 5.- MODEL GEOMETRIC DATA of Wo!? QUALW 
[Length i n  cm, a r e a s  i n  cm2] 
TABLE 6.- & / h  AND s/so VERSUS TN! NDiBER: 
SQUARE CROSS SECTION 
Model 
Sharp, $quare cone 
Blunt,  square cone 
Tr iangular  cy l inde r  
Sharp, t r i a n g u l a r  cone 
Blunt, t r i a n g u l a r  cone 
- 
Example: Cy = CY 5 4.61, t r i a n g u l a r  c y l i n d e r  
Con£ ig- 







P o r t  s i d e  




















1 3  
14 










S ta rboard  s i d e  
















































































































































hl/hb h2/hb :bh,/hb 
0.459 0.615 0.958 
,459 .6P5 
1 .0  1 .0  
.417 ,625 .917 
.417 .625 .917 
ORl~lhrflj. IJ~~CS r: 
TABLE 7.- i / h  ALiD s/s, VERSUS TAP NUMBER: OF POOR QU~,L~-~;. TRIANGULAR 
Por t  s i d e  

























Starboard s i d e  
Cp symbol = 


























































































































TABLE 8.- CROSS FORCE AND NORMAL FORCE COEFFICIENTS FOR FLOW-VISUALIZATION TESTS 
COMPARED WITH THE CLEAN CONDITION 
~ ~ ~ x 1 0 - ~  
1 . 2  
t 
1.6  
1 .6  
1 . 6  
1 . 2  
(1.06) 

























































































13  7 
14 2 


























I i  
0 1 .2  
1 .2  
1 .2  




1 . 2  
I 
T e s t  
condi t ion  
Clean 
O i l  smear 
Clean 





O i l  smear 
O i l  do t s  

























Subl imat ion '  
O i l  smear 
O i l  smear 
O i l  smear 
O i l  smear 
O i l s m e a r  
O i l  d o t s  
O i l  d o t s  
Clean 
O i l  smear 
O i l  smear 
Clean 
O i l  smear 
O i l  d o t s  
O i l  do t s  
Clean 
O i l  smear 
O i l  smear 
Clean 
O i l  smear 
Clean 
O i l  smear 




























































































F i g u r e  1.- Model i n s t a l l e d  i n  12-f t wind t u n n e l .  
OMGINAL PAGE &Sl 
OF P001P QUALMl 
-0.559 m 
SQUARE CONE 





j I BALANCE I i SQUARE CONE 
' 
r = 0.0486 
ALL DIMENSIONS IN  METERS 
F i g u r e  2.- Model geometry and dimensions.  
I ORIGINAL PAGE 
Figu re  3 . -  Geometry of t r i a n g u l a r  c r o s s  s e c t i o n .  
17.78 cm (7 in.) / TANGENT 
+ NOSE PARTING LlrdE 1.27 cm (112 in.) 
AFT OF TANGENT POINT 
(a) Cylinder 
GENERATOR 
OF CONE, typ 
-- 
4 k 5 . 0 8  cm (2 in.) MODEL AXIS 
(b) Cones 
Figure  4 .- Blunt-nose f a i r i n g s .  
OW6INAL PAGE 83 
POOR QUALm 
07-45' 40" -42 
30" 1 
I 43 
44 TAP NUMBERS 
NUMBERS 
Figure 5.- Tap numbers and l o c a t i o n s  (view looking forward) ;  t y p i c a l  of each 
s t a t i o n  and model. 
ORIGINAL Pi3GE 1.g 
OF POOR QUALITY 
9.20 cm TRIANGULAR CONE 
, 
- o = [  9.20 cm TRIANGULAR CY L. 
A 13.80 cm TRIANGULAR CONE 
zb = ( 9.20 cm TRIANGULAR CYL. 
Figure 6.- Def in i t i on  and l o c a t i o n  of body axes. 
AND tan J/ = tan plsin a 
COS 0 = cos p COS a 
Figure  7.- De f in i t i on  of pos i t i on  angles .  
ORIWNAZ PAGE im 
OF POOR QUALW 
SUPERCRITICAL Rh 
Figure  8.- Two-dimensional flow c h a r a c t e r i s t i c s  on cy l inde r s  wi th  nonc i r cu la r  
c ros s  s ec t ions .  
0 BLUNT CONE 
0 SHARP CONE 
A CYLINDER (REF. 4) 
-1.0~- 1 2 I I 3 4 
R /lo6 
"b 
Figure 9.- Side-force coe f f i c i e r l t s  f o r  bodies  wi th  square c ros s  sec t ions :  IJJ = 10". 
0 cy - INCREASING a 
d Cy-DECREASlNGa 
Cz - INCREASING a 
d Ez - DECREASING a 
Figure  10.- Side- and normal-force c o e f f i c i e n t s  f o r  sharp square cone: I) = 0". 
8 cy - INCREASING a 
d cy - DECREASING a 
a cz - INCREASING a 
a6 r R I , ~  = 0.8 x lo6 a cZ - DECREASING 
Figure 11.- Side- and normal-force coefficients for blunt square cone: $J = 0'. 
ORIGINAL PAGE if3 
OF POOR QUALrW 
.8 
.6 
.4 d Ez - DECREASING /3 
.2 
0 
F i g u r e  12.-  B-sweep f o r  s h a r p  s q u a r e  cone: a = 3 0 ° ,  Rh,, = 1.2~10~. 
a TRIANGULAR CYLINDER 
0 SHARP TRIANGULAR CONE 
-- POLHAMUS ET AL. (REF, 2) 
(O - 90' ONLY) 
a = 46" 
- 
C~ 
Figure 13.- Side-force c o e f f i c i e n t  f o r  t r i a n g u l a r  cy l i nde r  and sharp  t r i a n g u l a r  cone: 
J, = 10". 
ORIGINAL PAGE IS 
OF POOR QUALm 
. . 
-1.0 I I I 1 I I 1- 
0 10 20 40 50 69 70 80 90 
a, deg 
Figure 14.- Side- and normal-force c o e f f i c i e n t s  f o r  b l u n t  t r i a n g u l a r  cone: Ji = 0'. 
W R T  
O STARBOARD 
STh 2 STA 3 
Q 6" - :. 563 r 
Figure 15.- Pressure distribution f o r  the sharp square cone a t  various angles of 
a t  tack: Rh,, = 0.8~10" I) = 0'. 
ORIGINAL. PAGE IS 
OF POOR QUALITY 
PORT 
0 STARBOARD 
STA 2 STA 3 
A 
(b) 0 = 70°, 7S0, 80°, 85", and 90'. 
Figure  15.- Concluded. 
ORlGlMAL PAGE I3 
OF BOOR QUALm 
u PORT 
0 STARBOARD 







(a) o = 40°, 4 5 " ,  50°, 55", 60°, and 65". 
Figure 16.- Pressure distributions for  the sharp square cone a t  various angles of 












0. 70° -Ia0 
" Y o  ": 
-2.5 
-3.0 
(b) 0 = 70°, 75", 80°, 85", and 90'. 
Figure 16.- Concluded. 
OmaHAL PAGE!$ 





( a )  u = 4Q0, 45", 50°, 55", 60°, and 65'. 
Figure 17.- Pressure  d i s t r i b u t i o n s  f o r  t h e  b l u n t  square  cone a t  v a r i o u s  angles  of 
a t  tack: Rh,, = 0.8x106, $ = 0'. 
ORIGINAL PAGE (9 
OF POOR QUALm 
C~ STA 1 
1.0 n Cv = 0.000 
STA 2 




Figure  1 7  .- Concluded. 
OR(OINAL PAGE IS 
OF POOR QUALfTY 
0 W R T  
0 STARBOARD 
STA 1 STA 2 STA 3 
6, - 0.024 
-1.0 
-1.6 
Figure 18 . -  Pressure d is tr ibut ions  f o r  the blunt square cone a t  various angles  of 






6, - 0.031 
STA 3 
k" - 0.008 
Figure 18.  - Concluded. 
ORIMNAL PAGE ('3 
OF POOR Q U A L ~  
o WRT(LEEI 
o STARBOARD 
STA 1 STA 2 STA 3 
(a) Rhb = 0.25,  0 .8 ,  1 .23,  1 . 6 ,  and 2 (x106) .  
Figure 19.-  Pressure d is tr ibut ions  for  the sharp square  coo^ a t  various Reynolds 
numbers: 0 = 45', J, = 10".  
ORlGiNAL PAGE 19 
OF POOR QUALm 
WRTILEE) 
0 STAfiBOAR0 








(b) Rhb = 2.4, 3.2, and 4 (x106) .  
Figure  19. - Concluded. 
0 W R T  
o STARBOARD 
STA 1 STA 2 STA 3 
Figure 20.- Pressure distributions for  the sharp square cone for  various Reynolds 
numbers: a = 60°, J, = 10". 
GRtSt4AL PAGE ig 
OF POOR WALTPI 
STA 1 STA 2 
CP 





Figure 21.- Pressure distributions for the sharp square cone for various Reynolds 
numbers: a = 90° ,  I) = 10'. 
0 PORT (LEE) 
a STARBOARD 
STA 2 ETA 3 
Figure 22.- Pressure distributions for the blunt square cone for  various Reynolds 
numbers: a = 4 5 " ,  JI = 10'. 
ORIGINAL PAGE 
oF PWR Q U A L ~  
Q PORT 
0 STARB~ARD 
STA 1 STA 2 STA 3 
Figure 23.- Pressure distributions for the blunt square cone for  various Reynolds 
numbers: o = 60°, JI = 10'. 
ORIGINAL MGE I 
OF POOR QUALW 
Figure 24.- Pressure distributions for the blunt triangular cone at various angles of 
attack: Rh,, = 0. 76x106, ) = OD. 
ORIGINAL PAGE 19 




(b) a = 65", 70°, 75', 80°, 85", and 90". 




(a) a = 45", 5Q0, 55", 60°,  and 65". 
Figure 25.- Pressure distribution f o r  blunt triangular cone a t  various angles of 
attack: #hb = 1.1x106, $ = Q O .  
0 PORT 
o STARBOARD 
(b) a = 7Q0, 75O, 8Q0, 85", and 90'. 
Figure 25.- Concluded. 
ORIGINAL PAGE I$ 
OF POOR QUALW 
0 PORT 
0 STARBOARD 










Figure 26 .- Pressure dis tr ibut ions  for blunt triangular cone a t  various angles of 
attack: Rhb = 1.6x106, ly = 0'. 
OR162NAL PAGE 18 
POOR QUALTP( 
STA 1 






(b) a = 65O, 70°, and 75'. 
Figure 26.-  Continued. 
ORIGINAL PAGE 13 







1.0 6 - 0.216 Cv - 0.026 A B 8 cv - 0.100 
(c) a = 80° ,  8 5 O ,  and 90'. 
Figure 26. - Concluded. 
ORIGINAL PAGE I% 
OF POOR QUALWf 
0 W R T  
0 STARBOARD 
STA 1 STA 2 STA 3 
Figure 27 .- Pressure distributions for  sharp triangular cone a t  various Reynolds 
numbers: u = 4 5 " ,  $ = 0'. 




6,  = -0.006 
Figure 28.- Pressure distributions for sharp triangular cone a t  various Reynolds 
numbers: a = 60°, $ = 0'. 
ORIGINAL P&GE 88 
Of POOR QUALm 
,0  PORT (LEE) 
o STARBOARD 
STA 1 STA 2 STA 3 
F i g w e  29.- Pressure distributions for  triangular cylinder a t  various Reynolds 












STA 3 4 - 0.244 
Figure 30.- Pressure distributi.on for triangular cylinder a t  various Reynolds 
numbsrs: u = 60°, $ = 10'. 
o~tar4Ak PAGE 18 
OF POOR QUALm 
a PORT (LEE) 
0 STARBOARD 
STA 1 6TA 2 STA 3 
0 .2 .4 .6 .8 1.0 0 .2 A .6 .8 1.0 0 .2 .4 -6 .8 1.0 
plhl P/h2 Q/h3 
Figure 31.- Pressure distributions for triangular cylinder a t  various Reynolds 
numbers: CI = 90°, J, = 10'. 
alG3PlAL PAGE 6.; 




Figure 32.- Pressure distributions for  sharp triangular cone a t  various Reynolds 
numbers: a = 4 5 O ,  $I = 10'. 
OHIG~NAL PAGE 18 
OF POOR QUALrrV 
0 PORT (LEE) 
o STARBOA~D 
STR 1 STA 2 STA 3 
Figure 33.- Pressure distributions for  sharp triangular cone a t  various Reynolds 
numbers: o = 60°, $ = 10". 
n WAT (LEE) 
a STARBOARD 
STA I ST4 2 STA 3 
Figure 34.- Pressure distributions for sharp triangular cone at various Reynolds 
numbers: a = 90°, JI = 10'. 
Figure  35.- Cross-flow c o e f f i c i e n t s  f o r  i n v e r t e d  t r i a n g u l a r  c y l i n d e r :  JI = 10'. 
.4 
.2 




o = 45' OHIGIIVAL PAGE IS 
- OF POOR Q U A L ~  
I 
- 
I I I 
ORiGiiNAL PAGE !g 





Rhb - 0.4 X 101 -.6 





Figure 36.- Pressure distributions for  the inverted triangular cylinder at various 
Reynolds numbers: a = 4S0, $ = 10". 
ORlfiiWX PAGE 6s 
OF POOR QUALm 
STA 1 
0 PORT (LEE) 
STARBOARD 
STA 2 
Figure 37.- Pressure distributions for  the inverted triangular cylinder at various 
Reynolds numbers: a = 60° ,  $ = 10'. 
ORImNAL PAGE 18 
OF POOR QUALITY 
0 PORT(LEE) 
STARBOARD 
STA 1 STA 2 3 
Figure 38.- Pressure distributions for the inverted cylinder a t  various Reynolds 
numbers: CJ = 90°,  $ = 10'. 
PORT TOP ST&RSOA!3D SURFACE "UNWRAPPED" 
F?\ 
Figure 39.-  Surface o i l - f low on the blunt triangular cone: o = 4 S 0 ,  j = O D ,  Rhb = 1 . 1 ~ 1 0 ' .  
PORT TOP STARBOARD SURFACF "UNWRAPPED" 
Figure 40.- surface oil-flow on the sharp triangular cone: a = 45O, $ = 0 ° ,  Rhb = 1 .1~10 ' .  
PORT TOP STARBOARD SURFACE "UNWRAPPED" 
Figure 41.-  Surface oi l-f low on the sharp triangular cone: a - 60°,  CJ = O 0  , Rhb 1 .1~10 ' .  
